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Emerging Technology in the Construction Industry: Perceptions from Construction Industry Professionals abstract
Although historically the construction industry has been a slow adopter of technology, in recent years the technology available to increase productivity and thus profit margins has seen rapid adoption and advancement. As these advances have taken hold the need for students to be exposed to this technology, to better prepare them for their careers has arisen. Project management, estimating and building information modeling (BIM) technologies are now commonly found in construction higher education. However, as technology in the construction industry continues to advance educators must be aware of what the "cutting edge" of technology in construction is, so they can expose their students to it, and more thoroughly prepare them for what they will interact with in their careers. This study utilized a survey of construction industry professionals to learn about advances in technology and where they are being used. The internet based survey netted more than 1,000 responses and produced a sample for each question that ranged from n = 116 to n = 1,014. Specifically this study sought to learn about the use of augmented and virtual reality technology, the technology that industry professionals have seen and hope to see used in future projects, and the barriers to technology adoption. The study provides recommendations for technologies that should be introduced to students beyond computer applications for estimating, scheduling and BIM. Further this study provides construction educators and professionals alike an idea of the direction technology is going in the industry.
introduction
The project-based nature of the construction industry, the highly complex communication structure on projects, and the large amount of data general contractors deal with all demonstrate the need for efficiency in managing the construction process. Technology has simplified the construction process, but this technology has not yet achieved the productivity gains possible because of the lack of integration between applications 8 .
There is an undeniable need for efficiency in managing the construction process, and emerging technology offers perhaps the best opportunities to improve the construction process through better integration and efficiency. Over the last 40 years productivity had remained largely unchanged in construction, while every other U.S. industry has achieved productivity gains through technology 14 . The fundamental nature of the construction industry to resist change is likely a root cause of slow technology adoption, but regardless of the cause, construction higher education has a responsibility to lead change. To help the construction industry improve through the adoption of technology, students in construction related degree programs should be exposed to the technology that is emerging in the construction industry so that as future advances are made they are more readily adopted and implemented in the construction process.
Use of any technology in the classroom might help to increase the use of technology in the construction industry, but to maximize the potential impact, educators should ensure that technology incorporated in the classroom will benefit students when they enter the This research is needed because it provides educators a better source of information about technology than individual opinions from construction professionals, or the word of a salesman trying to sell a specific product. This study is significant because it collected data from hundreds of construction industry professionals, to provide an empirical look at emerging technology, in construction in 2014.
review of literature
The construction industry has witnessed three distinct eras in information technology (IT) 7 . These eras started with stand-alone tools on a computer like computer aided drafting (CAD). Next came a focus on communications, using email and related tools. Currently we are in the 3 rd era 3 , which is focused on interoperability and integration between the tools adopted in the previous eras. The different eras of IT in the construction industry provide documentation of the adoption of technology in the construction industry 3 . However, as reported by Sabol (2007) the adoption has not resulted in an increase in productivity 14 .
In the recent past emerging technology in the construction industry has focused on communication and collaboration, as the benefits to the construction process by improvement in these areas is obvious 18, 11 . Two types of technology have dominated in these areas, building information modeling (BIM), which has established a solid reputation for collaboration 2 , and cloud computing, which has emerged more recently as a solution for collaboration 1, 10, 12 . While aspects of BIM and cloud computing continue to emerge, in general they are rapidly becoming a typical component in the construction process, whereas a few years ago they were cutting edge. Because of this rapid pace of change knowing what direction technology is heading is vital.
Technology in construction education should reflect that of the industry, but a variety of challenges to technology use in a university exist including: economics and policy at a governmental level, commercial concerns of IT vendors, managerial concerns of university administration, and strategic student concerns 15 . Despite these barriers it has been found that some technology in construction education sacrifices little or nothing, rather it is more efficient 17 , and that it can be used as an effective motivator for students in construction disciplines 5 .
With the ability to improve the construction industry as well as construction education, emerging technology and the direction of technology should be of prime interest to educators.
methodology
This research used a mixed methods approach utilizing survey responses that were both scale and open ended. A web-based, cross sectional survey was used to provide a sample representative of the construction industry across the United States, so that findings could be generalized to the U.S. construction industry. Quantitative findings were analyzed using descriptive statistics, while qualitative results were coded and evaluated for common themes. Data was collected in 2014 and IRB approval was obtained.
Because the survey did not measure constructs and asked participants for responses regarding attribute variables, no formal evaluation of internal validity was performed on the survey. However, because this survey was also conducted in 2012 and 2013, the researchers have confidence in the survey's ability to collect the desired information, as the previous iterations served to refine the survey.
The survey used to collect data for this study was distributed directly and indirectly to construction industry professionals. To access a sufficient number of construction industry professionals, the survey was sent (e-mailed) directly to: the clients and prospects of Company 1, the construction industry advisory council (IAC) at University 1, and the members of Association 1 (A1). Indirectly, participation was requested through social media where the link to the survey was posted on the accounts maintained by Company 1, the IAC at University 1, and A1. Also snow-ball sampling was used, where each survey participant was asked to forward the survey along to their contacts in the construction industry. Over the four and a half week period that the survey was open, a total of 1,284 responses were received, and after filtering 1,028 usable surveys remained. A response rate could not be calculated because the total number of individuals invited to participate could not reliably be determined.
With a confidence level of 95%, and confidence interval of 5, and a population of 485,000 construction managers in the U.S. (BLS, 2012), a sample size of 384 was needed for each question. Despite obtaining 1,028 usable survey responses, after pairwise deletion, the actual sample size for each question varied from n = 116 to n = 1,014. As a result the generalizability of the findings, to the population at large, depends on the on the individual question and its sample size.
findings & discussion
As was the goal of the researchers, responses came from a broad cross section of construction industry professionals whose responsibilities ranged from preconstruction and operations to administrative and executive. Data filtering was used to ensure only responses from construction or construction service providers were included in the analysis.
Employees from both small and large companies participated. Higher participation among larger companies was expected as there are more employees at those companies and more potential participants. Table 1 . Shows the specific break down of responses based on company size. To explore the adoption of current technology among participants, they were asked how many construction specific applications they use in their jobs. As shown in Table 2 , construction managers are utilizing three to four construction specific applications in their jobs. A notable percent (18%) are using six or more. Among the small percentage (3%) who reported 0 applications, nearly all came from companies doing less than 10 million in sales volume per year. These results indicate almost industry wide use of at least one construction specific computer application, and the high percentage (65%) of respondents using three or more construction applications supports the increased adoption of technology in the industry, and the important role(s) emerging technology will play in the construction industry going forward.
To explore future technology interest and adoption among participants, they were asked what other new technologies they have seen and hope to see applied in future construction projects, or that their company was experimenting with or using on a project. Building Information Modeling (BIM), augmented/virtual reality, wearable technology, laser scanning, and drones were the top responses of future technology topics.
building information modeling (BIM)
Building Information Modeling (BIM) is an emerging technology in the construction industry, though the concepts of BIM have been around for many years. The automobile, aircraft, and computer industries have been transformed through performing similar product design and delivery practices of BIM 9 . The concept of BIM is to build the project virtually, so that all facets of the project can be planned out before site construction begins. This level of preplanning includes spatial coordination of all the materials, labor, and sequencing for the construction of the project, and then allows for the virtual planning of how the building will be used and reused by the proposed owner after construction 6, 16 . A basic premise of BIM is collaboration by different stakeholders at different phases of the life cycle of a facility to insert, extract, update or modify information in the BIM to support and reflect the roles of that stakeholder 4 . BIM is very heavily based on technology, especially software, to manage all the data and the process. It is extremely important to have good interoperability; the ability to manage and communicate electronic product and project data among collaborating software, individuals, design teams, and firms. If all members of the collaborating team can freely exchange data across different platforms and applications, every member of the team can better manage the BIM and project delivery process.
A large portion of the survey participants are utilizing BIM, and the researchers did not consider BIM as future technology. However, thirty-eight percent of the participants answered that they are not using a BIM solution and consider it future technology. There is still a large portion of the construction market waiting and watching to see how BIM can be implemented into a project, what the return on investment will be, and how the different software integrates together. Many participants feel that the collaboration side of BIM has not yet proven itself, and it is a future technology they are watching or experimenting with. The participants who are working with BIM are now looking at and experimenting with augmented and virtual reality.
augmented/virtual reality
Virtual and augmented reality differ in that augmented reality uses real-world imagery overlaid on computer generated data, while virtual reality produces an experience totally independent of the real-world. While there is certainly a great deal of work involved behind the scenes on this technology, it is of interested because of its intuitive nature, that makes anyone able to use it. Its application in construction comes in requiring one to simply point their mobile device at a realworld target and the technology does the rest, allowing users to interact with plans, compare planned and actual completion, guide machinery, secure workers, and document progress.
Regarding this technology participants were asked simply if their companies are using an augmented or virtual reality solution. From 1014 responses, the results indicate that this technology has yet to taken hold in construction with only 24 (2%) respondents indicating their company is using it. These results are displayed in figure 1 . Among the 24 positive responses some specific applications were reported, the applications most commonly reported were: AR-Media, Augment, Aurasma, Oculus Rift, Smart Reality, VMWare, and 3DSMax. There are a variety of options available for AR/VR implementation in construction, however the meager usage seems to indicate that none of them have found the right combination of technology and price point. This technology also is related to the future of wearable technology in the construction industry.
wearable technology
Wearable technology in construction ranges from health monitoring devices to Google Glass. The advantages of wearable technology is that they can provide real time data about an individual or project and it can eliminate the need to carry and point a portable device to access the power of AR/VR. With products like Google Glass, Epson's Moverio BT-200 smart glasses, and Oculus' Rift headset, the advantages of AR/AV are accessible hands free, which allows for the integration of motion sensors so individuals can use their hands to interact with the environment rather than using them to hold a device. This technology has abundant opportunity in construction specific applications, but it also has the ability to eliminate the need for mice, keyboards, and even touch screens. However like AR/VR technology, wearable technology has not yet seen large scale use. With only 2.5% percent reporting their company uses it. Figure 2 displays these results. Bluetooth headsets, Fitbit (health tracking), Google Glass, and Go Pro cameras were reported. However five respondents indicated their smart devices (tablets or phones) wear wearable technology. These devices probably do not belong in the wearable technology category, making the actual percentage more like 1.8% (13 out of 708). Other emerging technology, related to BIM, augmented reality, and wearable technology noted by the participants were; 3D laser scanning and printing, the use of mobile devices for data collection and communication in the field, and the use of drones to monitor the construction site. 3D laser scanning is utilized by the participants who do a lot of renovation work. It is augmented reality in reverse. By creating a digital image of the existing space, the design team can then manipulate the existing space virtually utilizing BIM, and then the proposed space can be overlaid back onto the existing to see the augmented space. Some of the participants are Employees Hesitant -27.2%
No limit, we try it all. -7.5% experimenting with iPlan tables, tablets, iPads, and other mobile technology to communicate proposed spaces to the field, and to gather and return data back from the field to the office. A select few of those are also monitoring the field through the use of drones and go pro cameras.
Figure 3. Emerging Technology barriers to adoption
The participants were asked: "What was the most limiting factor in trying and/or adopting new technology?" The majority responded that budget was the number on limiting factor (53.35%). The next two responses were lack of staff support for the new technology (36.5%), and waiting to see if the technology was more than just a toy (36.1%). A lack of knowledge about what the new technology(s) are, was the fourth limiting factor (33.1%). They just don't know what is the next big thing is in technology for the construction industry. The next two limiting factors were management hesitancy, followed by employee hesitancy. A select few (7.5%) reported that they don't have any limitations in trying and/or adopting technology, these professionals are likely employed at the companies who are leading the way with technology usage in construction. conclusions Construction higher education has a responsibility to train students for the work they will perform, so it is incumbent on educators to keep abreast of technology in the industry. With most people using three or more construction specific applications daily, technology is advancing construction management. BIM continues to be the leader of advancing technology, and a lot of emerging technology falls under the BIM umbrella. Augmented reality, 3D laser scanning and printing, wearable, mobile, and drone technology are all about more efficiently gathering and communicating information about the project. The limiting factors to new technology adoption are primarily budget related, but as the price of technology decreases, and the returns in productivity increase, and become more obvious, there will be more and more construction professionals integrating the technology into their construction process.
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